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3 | Problem

»Many systems hold components in place

COMPRESSION

through clamping
FIXTURE
» Friction is notoriously difficult to model PAD (optional)
WAD VAR oot
» Determining required clamping often takes FuxTURS

many cycles of destructive testing . _—



+ 1 Compliant Friction Modeling

» Micro scale surface features
change friction coefficients

» True surface area increases as
compression Increases

» Compliant materials deform
and “fill”’ voids from surface
features

»FEA required for simulation

Stiff materials

[1]



s 1 Our Project

Model

» Build 2 3D model in
SolidWorks

» Mesh using CUBIT

» Simulate in SIERRA under
different conditions

| Build' design advisor:

» Import user conditions

> Determine successes and
fatlures

» Find regions of suceess,
faflure and uncertaimty
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7 1 Simulation Parameters

» Efficiency of simulations were paramount

»Pad deformation is critical to the validity of the simulations

»Hundreds of simulations required
»Sweep over geometries, pad materials, and compressions |

» Automated through Python scripts



¢ I Simplified Geometry

»Model on right was used for
bulk simulations

» Verified against the exact
model for stress distribution

» Allowed for 3x timestep size




s I Simulation Steps

Apply

compression

e [Uniform force across

the top plate

o [Horce increases with
cycloidal ramp

 Time to settle

Apply
shock

o 7ms IHaversine

pulse

o Allow: it to
dissipate
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10 ‘ Simulation Workflow

APRIZPRO SIERRA CUBIAmcsh ‘
N

\Wortktlow

Outputs

Eleartbeat e Pataview: simulation ‘




Simulation Results
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3 | Design Advisor Simplified Overview

[nputs

e Simulated data
* User input data
o User fail criteria

* Requested output
graphs

[Data processing

o Impott principal
simulation data

s Determine maximal
successes & minimal
fails from failure
criteria

- Optional data
[Processing

o Check additional
requested graphs

o Import secondaty
simulation data

o Apply failure criteria
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Design Advisor Outputs
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Displacement Over Time

Cork gin Displacement over time preload (lbs): 2160, G-force: 2400
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displacement (m)

displacement {m)

Silicon70 gin Displacement over time preload (lbs): 2160, G-force: 2100
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o I Design Advisor
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18 ‘ Test Methodology

Bolt to preset
preload using
torque wrench

Center pads in
cartiage

\\

“Pailee torteizl P@gﬂﬂgﬂ \elel padding 0)
ot PALEAAO! control shock
Pom;s dutation.

Replace initial cartiage with
new carriage

Adjustheight ot Add/Remove padding - :
drop giveniimitial based on internal shock * Un-torque initial carriage

SHOCK expeticnced * Recenter [BREEE :
* Re-torque initial carriage




v I Data Collection
» High speed video

» Displacement over time
» Pad deformation and slip

» Accelerometers

» Part kinematics

»Time dependent, quantitative data

» Digital Calipers

» Precise final displacement




Silicon70 gin max final displacement: 1 (mm), max oscillation: 10 (mm)

20 ‘ Test Results
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2 I [ imitations
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Vibtrations
and modal
effects

Padiatistic Temperature
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27 I Friction Modeling With Rigid Materials

>Dependent on micro and nano
scale surface features }F

»True surface area changes
friction coetficient

» Compression independent |

»FEA often required for g

simulation



28 ‘ Simulation Acceleration VS Test Acceleration
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» | Design Considerations & Central Questions

» Will a shock displace a compressed part?
» What are the failure conditions?

» How much compression is there?

» How large is the shock?

» How long is the shock?

» What is the pad material?

» What is the pad geometry?
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